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various food and cover components of a conifer swamp deeryard. Although radio transmitters would be a valuable aid in a deer-yarding study and in relating deer behavior with microclimatic conditions, locations based on triangulation (Heezen and Tester 1967:126) would in most cases not be accurate enough for microclimate interpretation. Portable receivers would be needed to determine exact locations (whether the deer was under a tree or beside it). Because getting exact locations usually disturbs the animal, and because we tried to keep human influence on our study area to a minimum, we settled for gross determinations.
Habitat within the study area has been described in detail by Pierce (1954) Deer were present on CCNHA throughout the year, but the number increased during the winter when animals moved into the area. We suspect that this movement is related to the cedar swamp which is the only conifer swamp cover for many miles around. Ozoga (1968) found that mature swamp conifers offered deer the best protection from cold and the least hazardous snow conditions of six habitat types studied.
We are grateful to K. L. Heezen and J. C. Moulton who captured and marked the deer as part of their thesis research, and to the many personnel of the Radio Tracking Project who assisted them in both field and laboratory aspects. W. H. Marshall and A. Peterson of CCNHA provided facilities and field assistance. D. B. Siniff generously assisted with computer processing of the data.
METHODS
Fourteen deer, 3 juvenile does, 4 juvenile bucks, 5 adult does, and 2 adult bucks were captured with drop-door traps, and radio transmitters were attached as collars around their necks (Tester et al. 1964) . Three other deer, 1 adult doe and 2 adult bucks, were trapped and ear-tagged, but not equipped with radios. Movements and behavior of the radio-tagged deer were monitored by the Cedar Creek automatic tracking system . Although the system records a location every 45 seconds, we sampled these data once an hour for 3 days each week for the winter period. This sampling design resulted in 250-300 hourly locations per month for each deer, which is considered adequate for determining home range (Heezen and Tester 1967) and for the present evaluation of habitat use. From April 1 until the deer started to leave the area, we sampled the data hourly. During the time an animal was in the process of leaving, its location was plotted when possible, every 10-15 minutes. In 1965, after the deer had moved out of range of the automatic tracking system, we located them once a day with a portable receiver.
Winter home ranges were measured by dividing CCNHA into 6.4-acre squares (0.01 square mile) and determining the position of squares containing fixes and the number of fixes in each square. To put a boundary on the home range, a process of searching alternately along the horizontal and vertical axes from squares containing fixes was initiated. Squares with fixes that were separated along either axis by not more than two vacant squares were considered to be within the boundary of the home range; others were excluded. Home-range size was then determined by summing the squares within the boundary. This method, developed by Siniff (Unpublished manuscript), has the advantage over that of connecting the external locations and measuring the enclosed area in that it gives intensity of use as well as area and readily adapts itself to computer analysis. It may, however, give a slightly exaggerated home range in that a single location in a square at times adds the entire 6.4 acres. It could also eliminate a square in which a deer spent considerable time because the square was separated from others by more than two vacant squares. This could happen when no fixes were ob- tained while an animal was going to or from an area. An example of this representation of home range derived from an actual map of movement is given in Fig. 1 . Analyses of habitats used by the deer were made by subjectively assigning each of the 6.4-acre squares to one of three broad categories: upland woods and fields, cedar lowlands, and lowlands other than cedar (alder and tamarack swamp and marsh). Upland communities were combined because these were often of a mixed species composition (Pierce 1954 ) and because the scattered nature of woods and fields created so much edge that it could not be adequately separated with our 6.4-acre squares.
White cedar stands were believed to be a very important component of the deer's habitat because of their modifying effect on severe weather (Ozaga 1968) and were given special attention. We included in the cedar category all grid squares that contained cedar, even though other vegetation types dominated. This results in a slightly exaggerated measure of use. Values for upland communities would be somewhat low because all squares at lowland edges were placed in lowland categories. In spite of these biases, we believe that the data indicate major shifts in habitat use.
Analyses of habitats were made for day (0601-1800 hours) and night (1801-0600 hours). We selected these times because they most closely represented the actual light and dark periods for the interval we were considering, because we only obtained one location an hour, and for simplicity in computer programming. During December and January, one or two of the night fixes would be included in with the day fixes. We are aware that dawn and dusk may be different from both night and day, but we could not determine this with our 1-hour sampling interval. We feel major differ- Ad. b During December, January, and February, deer 516 spent most of the time in areas at the limits of the range of the tracking system; therefore, our data are incomplete, and home ranges could not be accurately determined. ences in habitat usage between day and night overshadowed these periods of overlap.
RESULTS AND DISCUSSION

Winter Concentration and Mortality
CCNHA has been a winter concentration area for deer since they first became common in that area in the late 1930's (Personal communication with Alvar Peterson, resident of the area for 45 years). Norberg (1957) studied winter movements and foraging habits of deer on CCNHA in 1952-53 and reported that deer entered the area in mid-November, apparently to spend the winter. We obtained no information on the time deer entered the area during our study nor do we understand why deer move into the area, two major gaps in our knowledge of deer on CCNHA. Kills of animals tagged on CCNHA suggest that deer moved into the area from as far as 19 miles (Table 1) if we assume that these deer returned to the same wintering area each year. It seems unlikely that the buck killed 65 miles away would have returned to spend the winter. We do not have sufficient evidence to say whether the spring and fall movements of deer on CCNHA are migrations, dispersals, or wanderings. We suspect that some of each may occur, but the movements may best fit in the definition of migration.
Of the 17 deer tagged on CCNHA during the two winters, 9 were known to have been killed the same year of release and 2 the following year (Table 1) . Two of these were illegal gun kills and only accidentally found, one was a car kill, and the others 1 were legal kills during the hunting season. r Home Range and Habitat Use t Home ranges in acres (Table 2 ) and percentage of time spent in the three categories I of habitat (Tables 3 and 4) were deter-I mined for each month of the two winters. I For the 4 deer monitored 2 or more months from January through April, 1964, the average home range was 873 acres; and for 7 deer from December, 1964 through April, 1 1965, 654 acres. These home ranges varied ' between individuals of even the same sex ' and age. In the winter of 1964-65, adult doe 510 had monthly home ranges considerably larger than adult doe 512 (Table 2) and had a winter home range of almost I twice as large (Fig. 2) Snow depth (Fig. 3) (Table  2) , and the time spent in cedar areas decreased progressively from January through April (Table 3 ). In 1964-65, monthly homerange sizes decreased from a mean of 342 acres in January to 186 acres in March as snow depth increased from about 10-42 inches. The proportion of time spent in cedar lowland increased as the snow depth increased (Table 4) . Location of the combined home ranges for all deer for the period from March 15-April 5, 1965, corresponded closely to the distribution of cedar areas (Fig. 4) . The southern-most cedar stand was also occupied by deer, but none there were radio-tagged. Norberg (1957: 15) also found that deer on CCNHA concentrated in the cedar swamps when the snow was 17-22 inches deep. The contrast in home range size before and after snow melt is illustrated by the 269-acre home range (75 percent of the time in 70 acres) of adult buck 516 for the 40-day period prior to April 10, and 3,600-acre or more home range for the 25-day period immediately following the disappearance of snow. We do not know if this large home range is normal for adult bucks during the spring and summer or if this behavior only occurs for a period after snow melt.
For the entire period that we followed deer during the winter of 1963-64 and early in the winter of 1964-65, deer spent more time in upland communities during the night than in the day (Tables 3 and 4) . We believe this was a result of nightly feeding trips to oak woods and to open fields. As Table 4 . Percent of time spent by individual white-tailed deer in each habitat category during day (0601-1800) and night the snow depth increased during the winter of 1964-65, these trips to the upland stopped, and the deer remained in the cedar swamps.
Number of Deer on Area
As soon as the snow melted in the spring, deer could be seen in late afternoon in fields on and surrounding CCNHA. Rye seemed to be the main attraction since it is planted and germinates in the fall, remains green under the snow, and is the first available green food when the snow melts in the spring. We made counts on all fields visible from roads and observed 60 deer on April 11, 82 deer (2 of 7 radio-tagged deer seen) April 12, and 119 (2 of 7 radio-tagged deer seen) on April 13, 1965. On the basis of the number of radio-tagged deer seen during these counts and our subjective evaluation of the percentage of deer observed, we estimate that 200-250 deer were on the area during the winter of 1964-65. No comparable counts were made in the spring of 1964, but a drive census in January, 1964 on 430 acres, which included one of the cedar areas, revealed 47 deer (Frenzel 1965 ). Radios were not put on deer in the winter of 1965-66, but observations of deer and tracks indicated that fewer deer were present than during the previous two winters and that they left earlier in the spring of 1966 than they did the previous two springs. This probably reflects the lighter snow cover that winter (Fig. 3) concentrations were loose and not rigidly defined and migration was early. Based on general observations, we believe that the number of deer on CCNHA and the length of time that they remain varies from year to year, snow depth being the most important factor influencing this variation.
Spring Migration
Migration of deer from wintering areas is a normal occurrence (Severinghaus and Cheatum 1956:158) but has not been welldocumented for individual animals. Of the five deer with operating transmitters in the spring of 1964, a juvenile male (504) and juvenile female (505) left together the night of April 20, and juvenile male 506 left the morning of May 7. The first two moved west and 506 traveled southeast. No data are available on the total distance of spring migration in 1964 because the animals went beyond the range of the automatic tracking system and no attempt was made to follow them with portable equipment. However, if distance can be inferred from hunter kills that fall, these deer went 11 to 14 miles (Table 1) . Transmitters on the other two deer quit on April 28 and May 8 when both were still on CCNHA.
In the spring of 1965, the first deer tracks outside the swamp area were seen on April 5, when five animals left the swamp, walked about 0.5 mile on a plowed road, and reentered the swamp. On April 9, the first day ground was observed free of snow, we found tracks of 11 deer leading from the swamp to a rye field where the snow had melted.
The first radio-tagged deer to leave the cedar area in 1965 was adult buck 516 which moved about 1.5 miles off the area on the night of April 10. However, this deer returned periodically thereafter and never did completely disassociate himself from CCNHA up to May 6 when its transmitter quit.
Two buck fawns (511, 514) and one adult doe (517) left the night of April 12, moved about 2.5 miles, and then continued another 2.5-4 miles the next night. The actual path of migration of fawn 511 (Fig. 5B) (Fig. 6) .
The last radio-tagged deer to leave, adult doe 510, moved out on April 22 (Fig. 7) and was 9 miles south by the next morning. We believe that this deer left later than the other deer because of high water in Cedar Creek caused by snowmelt. She had crossed the creek prior to the high water and had waited until the water receded before crossing back and proceeding to her summer range. An adult buck and pregnant doe were found dead in this stream in the spring of 1967. Presumably while attempting to cross, they drowned, either during high water or because the deer had broken through the ice during the winter and were unable to get out. J. E. Forbes (Personal communication) observed a dead deer in the same creek in the spring of 1964 and another in the spring of 1965.
All deer in 1965, except the two adult bucks, moved with practically no meandering to areas which appeared to be their summer ranges and remained there at least until July. Based on one location a day during the time after leaving CCNHA, three does and two juvenile bucks had summer home ranges of approximately 600-1,000 Of all radio-tagged deer, only juvenile male 511 was known to have left CCNHA, except for short night feeding trips, prior to leaving in spring. This animal was trapped and radio-equipped on December 3, 1964. He moved south on the night of December 6 and did not return to the trapping area until December 21. We do not know how far south he moved since at times he was out of range of our receiving antennas. We suspect that he moved about 6.5 miles since this was the area to which he went at spring migration. Figure 5 shows that this midwinter move was very similar to the path traveled in spring.
We believe that winter movement of deer off CCNHA, as described above, is more common during years of little snow than during years of heavy snow. Some of these animals probably never return to CCNHA if additional heavy snows do not occur.
Juvenile male 511, which we had followed on his summer range from April 13-May 28, was killed by a hunter on November 14, 1965, 16 miles northwest of his early summer range. Adult doe 517 was killed about 1 mile from her early summer range.
This may indicate another movement of deer late in summer.
The two deer leaving together in the spring of 1964 headed in a westerly direction and another moved southeasterly. In 1965, six out of seven radio-tagged deer moved south and remained until their transmitters stopped. We believe this uniform direction of migration in 1965 was fortuitous because observation of animals in fields and deer tracks on roads suggested that deer moved out of CCNHA in all directions.
Migrations were rather direct, and the deer moved at 1/2-1 mph. For example, the rate of travel of adult doe 510 while leaving the area on April 22 (Fig. 7) The whole phenomenon of deer "yarding" and the related migrations is very complicated. It would take many years and many radio-tagged deer to fully understand what triggers the movements into and out of a yard and all the interactions of food, cover, snow, temperature, wind, and deer density which undoubtedly have an effect on yarding behavior. In this study, individuals of the same sex and age showed marked differences in home range and migration. Based on the two years with radios on deer and from two additional years of spending much time on the area, we feel that effective snow depth (a crust that will support a deer reduces its effective depth) was the most important single factor in causing the changes we observed (Tables 2, 3, 4).
